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57 ABSTRACT

According to the present invention, gas which contains no
impurities and has a high temperature of approximately 700
to 1400° C. can be supplied for a long period with a short
preparation time, and fluctuation 1n the temperature during
supply can be reduced. The apparatus according to the
present invention includes regenerators 4 and 5 (15 and 16)
capable of transmitting sensible heat of the combustion gas
to combustion air with high effectiveness by the changing-
over operation at short periods and burner apparatuses 2 and
3 for mainly supplying gas fuel for combustion, constitutes
a combustion apparatus for accumulating heat in the regen-
erators 4 and 5 by supplying the combustion air or arbitrary
ogas to be heated through the regenerators 4 and 5 and
exhausting the combustion gas, and 1s designed so that the
arbitrary gas that has reached a predetermined temperature
1s supplied outside for a predetermined time by interrupting
combustion and passing only air or the arbitrary gas through
the regenerators 4 and 5 after the regenerators 4 and 5 have
reached a predetermined temperature.

11 Claims, 9 Drawing Sheets
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1
HIGH-TEMPERATURE GAS GENERATOR

FIELD OF THE INVENTION

The present mvention relates to an apparatus for gener-
ating extremely-high-temperature gas containing no 1mpu-
rities. More particularly, the present invention relates to a
high-temperature gas generating apparatus mainly used as
an experimental apparatus utilizing high-temperature gas,
such as an apparatus for testing cracking/ignition character-
istic of various types of fuel at a high temperature of
approximately 1000 to 1600° K. (approximately 727 to
1327° C.) or a high-temperature gas supply source in a
pyrogenetic reaction apparatus for a product that does not
allow mixture of impurities.

BACKGROUND OF THE INVENTION

In order to obtain high-temperature gas containing no
impurities, it has been general to use an electrothermal type
heating apparatus using an electric heater or an indirect
regenerative type heating apparatus using a regenerative
tube.

However, 1n the electrothermal type heating apparatus, a
start-up time 1s long because heating elements must be
prevented from being disconnected, and this type of heating,
apparatus 1s therefore practically inconvenient.

Further, the heating apparatus using a tube type regen-
erator 1s inferior in the effectiveness of regenerator, and it 1s
difficult to product this type of heating apparatus having
practical material and structure 1n order to obtain gas having,
a high temperature of approximately 1000 to 1600° K.

In these prior art heating apparatuses, a time for which the
high-temperature gas can be supplied 1s short, and there 1s a
problem such as that a preparation time for making it
possible to supply the high-temperature gas i1s long.
Furthermore, fluctuation i1n temperature 1s disadvanta-
geously large because the temperature suddenly drops.

DISCLOSURE OF THE INVENTION

It 1s therefore an object of the present invention to provide
a high-temperature gas generating apparatus by which a time
before the next cycle for supplying the high-temperature gas
1s shortened, the high-temperature gas can be supplied for a
long time, and fluctuation 1n the temperature during supply
of the gas can be small.

To this end, a high-temperature gas generating apparatus
according to the present invention 1s characterized 1n that: a
burner apparatus which has a regenerator and exhausts
combustion gas through the regenerator 1s disposed on both
sides of a channel type combustion chamber having a
high-temperature gas output means; an exhaust means and a
means for supplying arbitrary gas that is to be heated to
reach a high temperature are connected to the regenerator of
cach burner apparatus to constitute a passage along which
the combustion gas 1s exhausted through the regenerator and
a passage along which the arbitrary gas is led to the channel
type combustion chamber via the regenerator and supplied
from the high-temperature gas output means to an arbitrary
position; the burner apparatuses alternately perform com-
bustion so that the both regenerators reach a predetermined
temperature; and combustion 1s thereafter stopped to pass
the arbitrary gas through the regenerators and the arbitrary
gas whose temperature has reached a predetermined value 1s
supplied from the high-temperature gas output means to
outside for a predetermined time.

According to this apparatus, when the combustion gas
ogenerated by the burner apparatuses that alternately carry
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out combustion passes through the regenerator of the burner
apparatus provided on the opposed side and exhausted,
sensible heat and waste heat of the combustion gas are
recovered 1n the regenerator by direct heat exchange. Part of
heat recovered 1n the regenerator 1s used for preheating the
combustion air by direct heat exchange with extremely-high
cllectiveness to be returned to the combustion apparatus. In
the combustion apparatus, alternately combustion 1s
repeated to raise the temperatures of the both regenerators.
Here, when the preheated combustion air 1s used to burn the
fuel, the temperature 1n the furnace of the burner apparatus
1s suddenly raised and high-temperature heat can be accu-
mulated 1n the regenerator on the opposed side. The elfec-
fiveness of regenerator can be improved by rapidly changing
over the combustion gas and the combustion air that alter-
nately flow through the regenerator in a short time, for
example, by changing over them twice or more per minute,
and the speed for raising the temperature of the regenerator
can be hence increased to shorten the preparation time for
supplying the high-temperature gas. At this time, if com-
bustion of the burner apparatus 1s stopped to flow arbitrary
gas (including air) through the regenerator in place of the
combustion air, 1t 1s readily possible to obtain gas including
no 1mpurities by direct heat exchange with the regenerator
without changing composition of the air.

In addition, according to the present invention, a portion
to which cold combustion air flows and a portion from which
high-temperature combustion gas tlows are opposed to each
other with the combustion chamber therebetween, and a
difference 1n temperature 1s thereby eased when the com-
bustion air and the combustion gas flow through the com-
bustion chamber to prevent the regenerator from being
damaged by thermal stress even if operations for rapidly
cooling down and heating are repeated 1n a short time.

Moreover, according to the high-temperature gas gener-
ating apparatus of the present invention, since the furnace
temperature can be rapidly changed from a low temperature
to a high temperature by controlling a quantity of
combustion, the gas supply time corresponding to a request
from the apparatus utilizing the high-temperature gas can be
assured.

Further, according to the high-temperature gas generating,
apparatus of the present invention, since the arbitrary gas 1s
heated by utilizing heat accumulated 1n the regenerator, a
heat capacity can be increased and the temperature fluctua-
tion of the arbitrary gas can be decreased.

Furthermore, according to the present invention, a plu-
rality of the above-described high-temperature gas generat-
ing apparatuses are provided and their high-temperature gas
output means are connected to each other through a passage
change-over means so that the high-temperature gas 1is
continuously generated and supplied by the change-over
operation of the fluid change-over means. In this case, since
the high-temperature gas i1s constantly supplied from any of
the high-temperature gas generating means, the high-
temperature gas can be continuously supplied.

According to the present invention, the high-temperature
gas generating apparatus 1s designed so that: a regenerator
that does not perform heat exchange with the combustion air
and 1s only heated by the combustion gas 1s 1nstalled 1n the
high-temperature gas output means and an exhaust system 1s
connected to the regenerator; part of the combustion gas 1s
exhausted through the regenerator 1n the high-temperature
ogas output means during alternate combustion and 1s only
used for heating arbitrary gas which 1s to be heated to reach
a high temperature. In this case, even if there 1s a difference
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in temperature between the respective regenerators m the
burner apparatuses provided on the both sides of the com-
bustion chamber for alternately combustion, the difference
in temperature between the gas heated by one regenerator
and the gas heated by the other 1s adjusted when these gases
pass through the regenerators 1n the high-temperature gas
output means, and they are taken out as the high-temperature
gases having the same temperature.

In addition, according to the present invention, the high-
temperature gas generating apparatus 1s designed so that: a
pair of burner apparatuses each of which has a regenerator
and performs supply of arbitrary gas that 1s to be heated and
exhaust of the combustion gas through the regenerator are
provided; a combustion chamber of each burner apparatus 1s
connected to a high-temperature gas output means to con-
stitute a passage along which the combustion gas i1s
exhausted through the regenerator of one burner apparatus
and another passage along which the arbitrary gas that 1s to
be heated 1s led from the regenerator to the combustion
chamber and supplied from the high-temperature gas output
means to an arbitrary position: and the burner apparatuses
alternately carry out combustion and the two passages are
changed over to alternately generate and continuously sup-
ply the high-temperature gas. In this case, since the high-
temperature gas 1s constantly supplied through any of the
regenerators, the high-temperature gas can be continuously
supplied.

Moreover, 1n the high-temperature gas generating appa-
ratus of the present invention, the high-temperature gas
output mean 1s a three-way valve for connecting the com-
bustion chambers of the two burner apparatuses with each
other, and the remaining port of the three-way valve 1s used
as a high-temperature gas output port to alternately open the
combustion chambers of the burner apparatuses. In such a
case, since only the high-temperature gas alternately tlows
through the three-way valve that i1s the fluid change-over
means, there occurs no heat shock.

According to the high-temperature gas generating means
of the present invention, a bypass path i1s provided for
communicating combustion chambers of a pair of burner
apparatuses with each other and communicating spaces
between the respective combustion chambers and regenera-
tors with each other; a three-way valve 1s provided to this
bypass path and the remaining port of this valve 1s used as
a high-temperature gas output port; an output of each
regenerator 1s connected to a four-way valve that 1s selec-
fively connected to an air supply system and an exhaust
system; the air supplied from the air supply system 1is
preheated to become high-temperature gas by passing
through the regenerator and part of the preheated air 1s burnt
as the combustion air by a burner disposed just in front of the
other generator; and other part of the preheated air is
continuously supplied from the high-temperature gas output
port to outside through the bypass path. In this case, the air
passed through the regenerator 1s partially supplied from an
arbitrary gas output means as the high-temperature gas and
also partially supplied to the burner apparatus of the other
combustion apparatus so that combustion 1s performed using
the high-temperature air. The low-calorie gas fuel can be,
therefore, used. In addition, since only the high-temperature
cgas alternately flows through the three-way valve, there
occurs no heat shock.

According to the present 1invention, the high-temperature
gas generating apparatus comprises at least a pair of burner
apparatuses which include regenerators each of which 1s
capable of passing the combustion air and the combustion
gas to the same area at different times by relatively rotating
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between two passages through which the combustion air and
the combustion gas flow and transmitting sensible heat of
the combustion gas to the combustion air with high
ciiiciency, and raise the temperature of the regenerators by
supplying the combustion air and exhausting the combustion
gas through the regenerators, the high-temperature gas gen-
erating apparatus characterized in that: the air 1s supplied to
cach burner apparatus and the air is passed through the
regenerator; one burner apparatus performs combustion
using the air, while the other burner apparatus heats the air
as arbitrary gas that 1s to be heated 1n the regenerator; and
the thus-heated air 1s continuously supplied to outside. In
this case, a temperature in the combustion chamber can be
rapidly increased by relative rotation of the regenerator and
the preparation time for the high-temperature gas supply 1s
shortened, as similar to the case where a pair of burner
apparatuses alternately carry out combustion.

In addition, the high-temperature gas generating appara-
tus according to the present invention interrupts injection of
the fuel to the burner apparatus just before changing over the
flow to scavenge using fresh air. In this case, since the
combustion gas remaining in the regenerator and the passage
1s removed, the high-temperature gas 1s not polluted with the
combustion gas.

Also, the high-temperature gas generating apparatus
according to the present invention is provided with a flow
straightening cylinder 1n the high-temperature gas output
means. In this case, pulsation of the high-temperature gas 1s
climinated by the flow straightening cylinder and the gas is
smoothed, whereby stable supply of the gas 1s realized.

The high-temperature gas generating apparatus according
to the present invention comprises: two passages through
which arbitrary gas that 1s to be heated and the combustion
cgas flows; a regenerator, connected 1n the middle of each
passage, which can pass the arbitrary gas and the combus-
fion gas to the same arca by relative rotation between these
passages at different times and transmit sensible heat of the
combustion gas to the arbitrary gas with high effectiveness;
and a burner apparatus for exhausting the combustion gas
through the regenerator, exhaust of the combustion gas and
supply of the arbitrary gas being simultaneously performed
through different areas of the regenerator, and gases passing
through the regenerator being relatively changed over by
intermittently or continuously rotating regenerator when the
regenerator has reached a predetermined temperature to
continuously supply the arbitrary gas, that has reached a
predetermined temperature, to the out-side. In this case, by
simultaneously passing the arbitrary gas that 1s to be heated
and the combustion gas to different areas of the regenerator
and relatively rotating the regenerator when the regenerator
has reached a predetermined temperature, the gases passing
through the regenerator are changed over so that the arbi-
trary gas 1s heated by passing the areca through which the
combustion gas has passed, thereby enabling continuous
supply. Since relative rotation of the regenerator enables the
arbitrary gas to be heated i1n the opposed arca while con-
stantly performing combustion in the burner apparatus, the
high-temperature gas can be continuously supplied.

In the high-temperature gas generating apparatus accord-
ing to the present invention, the regenerator intermittently or
continuously rotates and has a conical shape at one end
thereof, and a passage for leading the combustion gas 1n the
regenerator and a passage for outputting the arbitrary gas
that has been heated through the regenerator are provided to
face the conical end so as to be orthogonal with respect to
the regenerator. In this case, the combustion gas 1s straight-
ened at the conical end when the combustion gas flows 1nto
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the regenerator, and 1t disperses uniformly at the entire
opening to pass through the regenerator in an uniform
velocity distribution. The regenerator 1s thus uniformly
heated, and the time for rising the temperature of the
regenerator to a predetermined value 1s shortened. Also, time
until the high-temperature gas 1s supplied can be made

shorter, and the arbitrary gas can be uniformly heated.

In the high-temperature gas generating apparatus accord-
ing to the present invention, the burner apparatus uses
oxygen-enriched air to mainly burn the gas fuel. In this case,
since combustion 1s carried out by utilizing oxygen-enriched
alr, a quantity of combustion gas can be reduced as com-
pared with a case where only the air 1s used, and a pressure
of the arbitrary gas can be increased, whereby the high-
temperature gas can not be polluted with the combustion gas
without mixing the combustion gas into the arbitrary gas.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a principle view showing a first embodiment of
a high-temperature generating apparatus according to the
present mvention;

FIG. 2 1s principle view showing a second embodiment of
the high-temperature generating apparatus according to the
present mvention;

FIGS. 3A to 3D are explanatory views showing a specific
configuration and an operating method of the apparatus
according to the second embodiment 1llustrated 1in FIG. 2,
wherein FIG. 3A shows the case where high-temperature gas
1s emitted using a regenerator provided on an upper side of
the right high-temperature gas generating apparatus, FIG.
3B shows the case where the high-temperature gas 1s emitted
using a regenerator provided on a lower side of the right
high-temperature gas generating apparatus, FIG. 3C shows
the case where the high-temperature gas 1s emitted using a
regenerator provided on an upper side of a left high-
temperature gas generating apparatus, and FIG. 3D shows
the case where the high-temperature gas 1s emitted using a
regenerator provided on a lower side of the left high-
temperature gas generating apparatus;

FIG. 4 15 a principle view showing a third embodiment of
the high-temperature gas generating apparatus according to
the present invention;

FIG. 5 1s a principle view showing an example of a
passage change-over apparatus of the high-temperature gas

generating apparatus according to the present invention
llustrated 1n FIG. 4;

FIG. 6 1s a chart showing relationships between states of
operation of the apparatus illustrated 1n FIG. 4 and states of
operation of valves;

FIG. 7 1s a principle view showing a fourth embodiment
of the high-temperature gas generating apparatus according
to the present 1nvention;

FIG. 8 1s a principle view showing a fifth embodiment of
the high-temperature gas generating apparatus according to
the present invention;

FIG. 9 1s a principle view showing a sixth embodiment of
the high-temperature gas generating apparatus according to
the present invention;

FIG. 10 1s a vertical cross-sectional view showing a
specific configuration of a rotary heat exchanger that 1s a
primary part of the high-temperature gas generating appa-
ratus 1llustrated in FIG. 9; and

FIG. 11 1s a cross-sectional view taken long a XI—XI line
in FIG. 10.

BEST MODES FOR EMBODYING THE
INVENTION

The configuration of the present invention will now be
described 1n detail hereinafter based on embodiments 1llus-
trated 1n drawings.
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FIG. 1 shows an embodiment of a high-temperature gas
generating apparatus according to the present invention. The
high-temperature gas generating apparatus has burner appa-
ratuses 2 and 3 having regenerators 4 and 5 at both ends of
a channel type combustion chamber 1, and an arbitrary gas
output means 17 for outputting arbitrary gas that 1s to be
heated 1n the near-center of the combustion chamber 1. In
this embodiment, the arbitrary gas output means 17 1is
composed of a duct including a regenerator 34, and has a
flow control valve 19 and a solenoid valve 18 for blocking
the passage with an exhaust system 11' connected between
the flow control valve 19 and the solenoid valve 18. In the
apparatus, the burner apparatuses 2 and 3 provided at both
ends alternately perform combustion when accumulating
heat to exhaust combustion gas through the regenerator 4 or
S of the currently-stopped burner, and the combustion gas 1s
partially taken out from the exhaust system 11' through the
regenerator 34. When supplying high-temperature gas, the
both burner apparatuses 2 and 3 are stopped, and arbitrary
oas that 1s to be heated 1s led 1n place of the combustion air
into the combustion chamber 1 through the both regenera-
tors 4 and § and supplied to any desired equipment such as
an experimental apparatus from the arbitrary gas output
means 17 provided 1n the center of the combustion chamber

1.

The burner apparatuses 2 and 3 are constituted by fuel
supply means 6 and 6 for directly imjecting fuel into the
combustion chamber 1, the regenerators 4 and 5, and two
combustion air supply means 8 for supplying the combus-
fion air to the combustion chamber 1 through the regenera-
tors 4 and 5. Also, to the two combustion air supply means
8 or the regenerators 4 and 5 are connected two arbitrary air
supply systems 13 and 13 on the upstream side so that the
arbitrary air can be supplied to the combustion chamber 1
through the regenerators 4 and 5. Cutoff valves 7 and 7 for
change-over operation are provided to fuel nozzles 6 of the
first burner apparatus 2 and the second burner apparatus 3 so
as to alternately supply the tuel. Further, the two combustion
air supply means 8 are selectively connected with the
exhaust system 11 and the combustion air supply system 12
through a passage change-over means, for example, a four-
way valve 10, and the combustion air 1s supplied from one
combustion air supply means 8 while the combustion gas 1s
exhausted from the other combustion air supply means 8. On
the other hand, the arbitrary air supplied from the arbitrary
ogas supply system 13 passes through the first regenerator 4
or the second regenerator § to be heated and supplied from
the arbitrary gas output means 17 provided 1n the near-center
of the combustion chamber 1 to an arbitrary facility/
cquipment/position.

With such an arrangement, there are configured a path
along which the combustion gas 1s exhausted through the
regenerators 4 and 5 (34) and another path for leading the
arbitrary gas 1nto a channel type combustion chamber 1 and
supplying that gas from the high-temperature gas output
means 17 to an arbitrary position. Here, although the arbi-
trary gas may be also used as the combustion air, any other
type of gas, €.g., inert gas or air with low density of oxygen,
or specified gas can be of course used 1f necessary.

The channel type chamber 1 between the first regenerator
4 and the second regenerator S may contain third and fourth
regenerators 15 and 16 1n which the combustion exhaust gas
1s heated when exhausted from the burner on the opposed
side, if necessary. The third and fourth regenerators 15 and
16 are not used for preheating the combustion air but for
heating only the arbitrary gas, and they are installed when 1t
1s desirable to prolong the time for supplying the high-
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temperature gas. Note that the combustion air supply means
8 have the change-over cutoff valves 9 which block the
passage ol the combustion air when supplying the arbitrary
oas.

Although the regenerators 4, 5, 15, 16 and 34 are not
restricted to certain shapes or material, 1t 1s preferable to use
honeycomb-shaped regenerators manufactured by subject-

ing ceramics such as cordierite or mullite to extrusion
molding in order to carry out the change-over operation 1n
a short time and heat exchange between the high-
temperature gas having a temperature of approximately
1000° C. such as the combustion exhaust gas and the
low-temperature fluid having a room temperature or a tem-
perature of approximately 20° C. such as the combustion air
or the arbitrary air with high effectiveness. The honeycomb
shape means a hexagonal cell (hole), but the regenerators
may have a plurality of cells of a square or triangular shape
as well as a hexagonal shape in this specification. In
addition, the regenerators are not restricted to be produced
from honeycomb-shaped ceramics by integral molding, and
it 1s possible to constitute the regenerator by bundling tubes.
Further, when using heat accumulating material such as SiN
that can be used at a higher temperature as compared with
cordierite or mullite, an aggregate consisting of simple pipes
or pipes molded 1nto a rod or a ball shape can be used as the
regenerator.

In this apparatus, the first burner apparatus 2 and the
second burner apparatus 3 alternately perform combustion;
combustion 1s 1nterrupted when the first regenerator 4 and
the second regenerator 5 have reached a predetermined
temperature; arbitrary gas 1s supplied to both or either of the
first and second regenerators 4 and 5 1 place of the
combustion air; the arbitrary gas 1s heated to have a high
temperature by direct heat exchange with the regenerators 4
and 5; and the temperature of the arbitrary gas 1s made
uniform 1n the regenerator 34 to output the arbitrary gas
from the arbitrary gas output means 17.

That 1s, the second burner apparatus 3 carries out com-
bustion by supplying the fuel and the combustion air through
a route indicated by arrows of a solid line, and the high-
temperature combustion gas 1s used to heat the first regen-
crator 4 and the regenerator 34, and the third and fourth
regenerators 15 and 16 that may be installed if necessary.
The combustion gas partially passes through the regenerator
(and regenerators 15 and 16 depending on the situation) 4 to
have a low temperature, and 1t thereafter passes through the
combustion air supply means 8, the cutoff valve 9, the
four-way valve 10 and the exhaust system 11 to be emitted
in air. Furthermore, the combustion air partially passes
through the regenerator 34 and 1s emitted from the flow
control valve 19 through the exhaust system 11'. At this
stage, the solenoid valve 18 is closed. The fuel and the
combustion air are supplied to the first burner apparatus 2
through a route indicated by arrows of a broken line by
change-over operation of the change-over valves 7 and 10.
Here, the first regenerator 4 takes sensible heat from the
combustion gas i1n the above-mentioned process and the
temperature of the regenerator 4 1s thereby increased. The
combustion air has, therefore, a high temperature by receiv-
ing part of heat accumulated 1n the regenerator 4, and the
combustion gas having a higher temperature can be
obtained. Accordingly, a temperature of the combustion
chamber can be rapidly raised when the same fuel 1s used.
The temperatures of the combustion chamber and the regen-
erator can be rapidly increased by repeating alternate com-
bustion and heat accumulation. When a thermo sensor 20
detects that the temperature of the regenerator or the air has
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reached a predetermined value at, €.g., an air outlet of the
second regenerator 5, combustion 1s stopped and the arbi-
trary air 1s led. Here, since the regenerator 34 of the arbitrary
air output means 17 1s only heated and 1s not periodically
cooled down by the combustion air, the temperature of the
regenerator 34 1s the same with or higher than a higher
temperature of either the regenerator 4 or 5. Before supply-
ing the arbitrary gas, it 1s preferable to supply the combus-
tion air or the arbitrary gas and scavenge the inside of the
combustion chamber 1 and the regenerators 4, 5 and 34 (and
the regenerators 15 and 16 depending on the situation). The
arbitrary gas receives heat to have a desired temperature
when passing through the first or second regenerator 4 or 5
(or the third and fourth regenerators depending on the
situation), and differences in temperature of the arbitrary gas
are eliminated by passing through the arbitrary gas output
means 17 provided 1n the center of the combustion chamber
and the regenerator 34 so that the arbitrary gas 1s supplied to
an arbitrary facility/equipment/position. When the tempera-
ture of the gas 1s maintained below a predetermined tem-
perature or when the batch operation in the next process 1s
completed, supply of the high-temperature gas 1s stopped by
the cutoll valve 18, and the operation 1s returned to the first
process. Note that the combustion air can be used as 1t 1s
when the arbitrary gas supplied at a high temperature 1s air.
In such a case, the exclusive arbitrary gas supply system 13
1s no longer necessary. In addition, the time for changing
over the combustion air or the combustion exhaust gas with
respect to the regenerators 4 and 5 1s not restricted to a
certain length, but it 1s desirable to rapidly carry out the
change-over operation within two minutes, or more prefer-
ably within one minute, or most preferably within 20 to 40
seconds. In this case, effectiveness of heat exchange 1is
improved, and a velocity for raising the temperature of the
regenerator can be increased, thereby shortening the prepa-
ration time for supply of the high-temperature gas.

The above-mentioned apparatus 1s an example for inter-
mittently supplying the high-temperature gas, and provision
of a plurality of these apparatuses in parallel enables con-
tinuous supply of the high-temperature gas. For example, as
shown 1 FIG. 2, a plurality of the high-temperature gas
generating apparatuses (indicated by frames) illustrated in
FIG. 1 are provided in parallel to alternately supply the
high-temperature gas, and continuous supply of the gas can
be thereby performed on the whole. For example, when two
high-temperature gas generating apparatuses A and B are
provided 1n parallel, supply of the gas 1s changed over in
accordance with the gas temperature 1n the order of A—B;
and when three high-temperature gas generating apparatuses
A, B and C are provided in parallel, the same operation 1s
repeated 1n the order of A—=B—C. As a result, continuous
supply 1s enabled.

FIGS. 3A to 3D show concrete examples of the apparatus
illustrated 1n FIG. 2. Such an apparatus 1s basically obtained
by a pair of high-temperature gas generating apparatuses
illustrated 1n FIG. 1, and the heated arbitrary gas 1s alter-
nately output from a right high-temperature gas generating
apparatus A and a left high-temperature gas generating,
apparatus B and supplied to an arbitrary facility/equipment/
position 1n accordance with change-over operation of the
three-way valve 21 by connecting via the three-way valve 21
the combustion chambers 1 and 1 of the two high-
temperature gas generating apparatuses A and B each having
the burner apparatuses 2 and 3 and the regenerators 4 and §
at both ends of each combustion chamber 1. Note that, in the
apparatus of this embodiment, 1t 1s also possible to provide
the regenerator 34 and the exhaust system 11' 1n the passage
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for outputting the arbitrary gas or provide the regenerators
15 and 16 as similar to the embodiment illustrated in FIG.

1

In case of this apparatus, as shown 1n FIGS. 3A and 3B for
example, the burner apparatuses 2 and 3 alternately perform
combustion 1n the high-temperature gas generating appara-
tus B on the left-hand side so that sensible heat 1s accumu-

lated 1n the both regenerators 4 and 5, while arbitrary
high-temperature gas, e.g., air 1s emitted from the high-
temperature gas generating apparatus A on the right-hand
side. In the high-temperature gas generating apparatus A on
the right-hand side, for example, when the high-temperature
oas 1s obtained by flowing the air into the regenerator 4, the
regenerator 5 1s reserved for heat accumulation i1n the next
cycle. On the other hand, in the high-temperature gas
generating apparatus B on the left-hand side, the combustion
air preheated through the regenerator 4 1s used to perform
combustion. The combustion air then passes through the
regenerator 5 in the burner apparatus 3 on the opposed side
to be emitted from the exhaust system 11 having a water
jacket (see FIG. 3A). Combustion in the burner apparatuses
2 and 3 are alternately performed until the regenerators 4 and
S reach a predetermined temperature (see FIG. 3B), and heat
accumulation 1s effected for the next cycle.

After heat of the both regenerators 4 and 5 in the high-
temperature gas generating apparatus A on the right-hand
side has been completely used, the burner apparatuses 2 and
3 1n the right high-temperature gas generating apparatus A
alternately carry out combustion to start heating/heat accu-
mulation of the regenerators 4 and §, as shown in FIG. 3C.
Combustion 1n the high-temperature gas generating appara-
tus B on the left-hand side 1s stopped to supply only the arir,
and the high-temperature air 1s obtained through the regen-
erator 5 on the other side to be supplied to a testing device
or the like. After the regenerator 5 has been cooled down to
have a predetermined temperature, the four-way valve 10 1s
changed over to flow the air to the regenerator 4, thus
obtaining the high-temperature air (see FIG. 3D). In this
manner, temperatures of the regenerators 4 and 5 are
increased to accumulate heat by alternate combustion 1n the
high-temperature gas generating apparatus A on the right-
hand side, while emitting the high-temperature air using the
two regenerators 4 and 5 1n the high-temperature gas gen-
crating apparatus B on the left-hand side. The high-
temperature gas can be continuously supplied by alternately
repeating heating and emaission of the high-temperature gas
in the high-temperature gas generating apparatuses A and B
on the both sides.

FIG. 4 shows still another embodiment. The high-
temperature gas generating apparatus according to this
embodiment includes a pair of burner apparatuses 2 and 3
which have regenerators 32 each of which can pass the
combustion air and the combustion gas through the same
arca at different times by relative rotation between two
passages 27 and 28 for flowing the combustion air and the
combustion gas and can transmit sensible heat of the com-
bustion gas to the combustion air with high effectiveness,
and increase temperatures of the regenerators 32 to accu-
mulate heat by supplying the combustion air and exhausting
the combustion gas through the regenerators 32. The high-
temperature gas generating apparatus supplies the air to the
respective burner apparatuses 2 and 3 and flows this air
through the regenerators 32. Further, the air 1s used to carry
out combustion 1n one burner, while the air 1s heated as
arbitrary gas that 1s a target of heating by the regenerator 32
in the other burner apparatus so that the air 1s heated to be
continuously supplied to the outside. More particularly, the
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combustion gas 1s not moved between the burner appara-
tuses 2 and 3 provided at both ends of the combustion
chamber 1; passage change-over means 22 are used to
independently constitute the high-temperature gas generat-
ing apparatuses A and B 1n accordance with the respective
burners 2 and 3; and supply of the combustion air and
cxhaust of the exhaust gas obtained by combustion are
simultaneously carried out at different portion/arcas in the
same one regenerator 32 to perform heat exchange. Note that
the regenerator 32 may preferably have the composition and
conflguration similar to those of the regenerators shown in

FIGS. 1 to 3.

Although the passage change-over means 22 1s not
restricted to certain type, it 1s preferable to use the passage
change-over apparatus disclosed in International laid-open
publication No. W094/02784 which has been already pro-
posed by the present applicants or Japanese patent laid-open
publications Nos. 5-198,776 or 5-269,437 and 1t 1s more
preferable to use a rotary disc type passage change-over
means. For example, as shown 1n FIGS. SA and 5B, on the
upstream side of the regenerator 32 are provided a radial
partition wall 23 for partitioning a plurality of chambers 29
in the circumferential direction and cylinders 30 and 31
overlapped one on another for concentrically partitioning an
air supply chamber 27 and an exhaust chamber 28 in the
radial direction. A change-over means 24 made up of a disc
perpendicular to a fluid passage 1s disposed between the
cylinders 30 and 31 having a dual configuration and the
partition wall 23. The change-over means 24 has a supply
communicating hole 26 for communicating an air supply
chamber 27 with an arbitrary chamber 29 and an exhaust
communicating hole 25 for communicating an exhaust
chamber 28 with the arbitrary chamber 29, and the air supply
chamber 27 and the exhaust chamber 28 can simultaneously
communicate with different areas in one regenerator 32. The
air supply chamber 27 1s connected with a combustion air
supply system 12 and an arbitrary gas supply system 13, and
the exhaust chamber 28 i1s connected with the exhaust
system 11. At this time, the exhaust communicating hole 25
and the air supply communicating hole 26 do not simulta-
neously exist in the same chamber/compartment 29, and the
chamber/compartment 29 that does not communicate with
cither of the air supply communicating hole 26 and the
exhaust communicating hole 25 1s positioned between the
air supply communicating hole 26 and the exhaust commu-
nicating hole 25. The passage 1n one regenerator 32 can be
so controlled as to be divided 1n the circumierential direction
and continuously changed over by rotating the disc 24 that
1s the change-over means, and the air and the exhaust gas can
partially flow 1nto the regenerator at the same time, respec-
fively. Note that a pipe for supplying the arbitrary gas may
be connected to the air supply chamber 27 separately from
the combustion air supply system 12 to flow any desired gas
to the regenerator 32 1n place of the combustion air.

In case of this system, the high-temperature air can be
continuously supplied by operating each valve as shown 1n
FIG. 6. In the first place, the fuel 1s supplied to a first
high-temperature gas generating apparatus A while the air 1s
supplied to both the first high-temperature gas generating
apparatus A and a second high-temperature gas generating
apparatus B, and the supplied fuel and air are diffused and
burnt 1n the first high-temperature gas generating apparatus
A while the combustion gas 1s emitted outside the combus-
tion chamber through a compartment different from that for
supplying the air in the regenerator 32 and exhausted 1n air
via the exhaust system 11. At this stage, a valve VHAL of the
first high-temperature gas generating apparatus A, used for
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opening and/or closing a passage connecting a test section
(test chamber requiring the high-temperature gas) with the
respective high-temperature gas generating apparatuses A
and B, 1s closed and a valve VHAZ2 of the second high-
temperature gas generating apparatus B 1s opened for com-
munication and supplies the air that have passed through the
regenerator 1n the second high-temperature gas generating
apparatus B to a test section. In this system, the valves VA1
and VA2 are constantly opened and the air is constantly
supplied to the first high-temperature gas generating appa-
ratus A and the second high-temperature gas generating
apparatus B. The valve VF is changed over to supply the fuel
to either the first high-temperature gas generating apparatus
A or the second high-temperature gas generating apparatus
B or non of them. Further, the combustion gas can be taken
out from the first high-temperature gas generating apparatus
A and the second high-temperature gas generating apparatus
B to be exhausted by opening and/or closing valves VG1 and

VG2 (first process).

Supply of the fuel to the first high-temperature gas
generating apparatus A 1s subsequently mterrupted to open a
supply line for scavenging, and the valve VHAZ2 of the
second high-temperature gas generating apparatus B com-
municates with the test section to supply the air which has
been preheated by passing through the regenerator 32 of the
seccond high-temperature gas generating apparatus B
(second process). The valve VHAL of the first high-
temperature gas generating apparatus A then communicates
with a test section, while the fuel 1s supplied to the second
high-temperature gas generating apparatus B and the valve
VHAZ2 1s closed to stop supply of the air to the test section
(third process). Here, the valve VG is closed to block the
cxhaust system 11 of the first high-temperature gas gener-
ating apparatus A. As a result, the air supplied to the first
high-temperature gas generating apparatus A through the
regenerator 32 1s heated to have a high temperature and
supplied to the test section. Furthermore, combustion 1is
cifected using the air preheated by the regenerator 32 in the
second high-temperature gas generating apparatus B, and
the combustion gas passes through the different area 1n the
regenerator 32 to be exhausted 1n the air from the exhaust
system 11. Heat 1s consequently accumulated 1n the regen-
erator 32 of the second high-temperature gas generating
apparatus B. Supply of the tuel to the first high-temperature
ogas generating apparatus A and the second high-temperature
ogas generating apparatus B 1s then interrupted, and only the
air 1s supplied to both the first high-temperature gas gener-
ating apparatus A and the second high-temperature gas
ogenerating apparatus B at the same time. At this stage, the
valves VG1 and VG2 of the exhaust system 11 are closed
and the air 1s not hence emitted from the exhaust system 11.
The air supplied to the first high-temperature gas generating
apparatus A 1s, therefore, preheated by the regenerator 32
and supplied to the test section as the high-temperature air,
while the air supplied to the second high-temperature gas
generating apparatus B scavenges the inside of the high-
temperature gas generating apparatus B and 1s exhausted
from the valve VHA2 (fourth process). Moreover, in the
next process, the fuel 1s supplied to the second high-
temperature gas generating apparatus A by a change-over
operation of the valve VF, while the air in the second
high-temperature gas generating apparatus B can not be
emitted from the exhaust system when the valve VG2 1s
closed. Also, the valve VHAL1 1s closed and the valve VHA2
communicates with the test section. Supply of the air from
the first high-temperature gas generating apparatus A to the
test section 1s thus stopped and heating of the regenerator 32
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1s started, while the air supplied to the second high-
temperature gas generating apparatus B 1s preheated by the
regenerator 32 and sent to the test section as the high-
temperature air (fifth process). The high-temperature air is
continuously supplied to the test section by repeating the
first to fifth processes.

In case of conftinuously supplying the high-temperature
cgas by using changing over two or more regenerators,
provision of a flow straightening cylinder can suppress the

so-called pulsating flow such that supply of the high-
temperature gas 1s nstantancously interrupted when chang-
ing over the tluid.

FIG. 7 shows an embodiment having a flow straightening
cylinder. This high-temperature gas generating apparatus 1s
provided with a pair of burner apparatuses 42 and 43 cach
of which has a regenerator 44 or 45 and performs supply of
arbitrary gas that 1s to be heated through the regenerator 44
or 45 and exhaust of the combustion gas, and connects
combustion chambers 41 of the respective burner appara-
tuses 42 and 43 to a high-temperature gas output means 53,
respectively. A three-way valve 1s adopted as the high-
temperature output means 53, and the combustion chambers
41 of the burner apparatuses 42 and 43 are connected with
two opposed ports 533a and 53b of the three-way valve, the
remaining port 3¢ of the same being connected with a flow
straightening cylinder 54 as a high-temperature gas output
port. Here, the flow straightening cylinder 54 1s usually a
cylinder having a large cross section, and to inside of the
flow straightening cylinder 54 1s provided a non-illustrated
wire gauze where ununiformity or irregularity in the flow
can be eliminated. That 1s, the flow straightening cylinder 54
orves enough time for reducing unbalance or velocity fluc-
tuation of the flow generated 1n a fluid supply portion.

Outlets of the respective regenerators 44 and 45 are
connected to opposed ports of a four-way valve 50 so that
they can be selectively connected with an arbitrary gas
supply system 52 for supplying arbitrary gas that 1s to be
heated, e.g., air and an exhaust system 51 for exhausting
combustion gas. There are constituted a path along which
the combustion gas 1s exhausted through one of the regen-
erators 44 and 45 of the burner apparatuses 42 and 43 and
another path along which the arbitrary gas that 1s to be
heated 1s led into the combustion chamber 41 through the
regenerator 45 or 44 and supplied to any desired position via
a three-way valve 53 that 1s the high-temperature gas output
means. The air compressed and supplied from a fan 48 is
divided by a dividing means 54 so that 1t can be partially
provided to the respective combustion chambers 41 between
the three-way valve 53 and the regenerators 44 and 45. An
air supply system 53 connected to the respective combustion
chambers 41 1s provided with two solenoid valves 49 to
enable 1mterruption of supply of the combustion air. Each of
the combustion chamber 41 1s connected with a fuel nozzle
46 for imjecting fuel so that supply of the fuel can be
arbitrary interrupted by each solenoid valve 47. Here, as the
three-way valve 33 for changing over the flow of the
high-temperature gas, it 1s preferable to use one constituted
by heat-resisting ceramics with low coefficient of linear
expansion such as mullite because the gas having a high
temperature of approximately 1000° C. (1273° K.) may flow
therethrough.

According to the high-temperature gas generating appa-
ratus having such a structure, the high-temperature gas can
be alternately generated and continuously supplied by per-
forming combustion alternately in the burner apparatuses 42
and 43 and changing over the two paths, 1.e., the arbitrary
gas supplying path and the exhaust path. That 1s, part of the
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air supplied by the fan 48 can be 1njected to one combustion
chamber 41 through the air supply system 353, and the
remaining part of the air 1s supplied to the regenerator 45 or
44 connected to the other combustion chamber 41 through
the four-way valve 50 as the arbitrary gas and subjected to
heat exchange 1 the regenerator 45 or 44 to have a high
temperature, thereby being supplied to the tlow straighten-
ing cylinder 54 through the three-way valve 53. The air
supplied to one combustion chamber 41 1s used to burn the
fuel 1n the combustion chamber 41, and the high-
temperature combustion gas 1s thereby generated. The com-
bustion gas 1s cooled down by flowing through the regen-
erator 44 or 45 to heat that regenerator. The combustion gas
1s then emitted from the exhaust system 51 through the
four-way valve 50. When a predetermined time, e.g.,
approximately 30 seconds, has lapsed, the four-way valve 50
1s rotated to change over the flow of the air, and the burner
apparatus 42 or 41 that 1s currently performing combustion
1s stopped to carry out combustion i1n the other burner
apparatus 41 or 42. At this stage, fresh air flows into the
combustion chamber of one burner apparatus that was
performing combustion to effect scavenging before carrying,
out combustion in the other burner apparatus by interrupting
supply of the fuel immediately before changing over the
flow of the air. Then, the gas 1s heated by the heated
regenerator and supplied to the flow straightening cylinder
54 by supplying the gas that 1s to be heated, 1.e., the air. The
pulsating flow of the high-temperature gas 1s smoothed in
the tlow straightening cylinder 54. The gas/air that 1s to be
heated can not be polluted because scavenging performed
immediately before changing over the flow of the air com-
pletely tlows the combustion exhaust gas mto the exhaust
system S1.

FIG. 8 shows a still further embodiment. This
embodiment, enabling use of low-calorie gas as the fuel, has
such a conflguration as that: combustion chambers 61 of a
pair of burner apparatuses 62 and 63 that have regenerators
64 and 65 and perform supply of arbitrary gas to be heated
and exhaust of combustion gas through the regenerators 64
and 65 are connected with each other via a connecting path
60; a bypass path 75 1s provided for connecting spaces
between the respective combustion chambers 61 and the
respective regenerators 64 and 65; a three-way valve 73 1s
provided to the bypass passage 75 as a high-temperature
output means; and a remaining port 73c functions as a
high-temperature gas output port to which a flow straight-
ening cylinder 74 1s connected. A pair of burner apparatuses
62 and 63 have the combustion chambers 61 connected to
cach other, and the regenerators 64 and 65 are disposed to
the two burner apparatuses 62 and 63 at both ends, outlets
of the regenerators 64 and 65 being connected with a
four-way valve 70 1n the duct 72 to be selectively linked with
an air supply system 69 and an exhaust system 71. In case
of this high-temperature gas generating apparatus, air sup-
plied from the air supply system 69 flows through the heated
regenerator 65 or 64 to have a high temperature, and part of
the air 1s supplied to the flow straightening cylinder 74 via
the bypass passage 75 while the remaining part thereof 1is
supplied to the burner apparatus 62 or 63 provided just in
front of the regenerator 64 or 65 on the opposed side to be
used for combustion. The burner apparatus 62 or 63,
therefore, use the high-temperature combustion air of, e.g.,
approximately 1000 to 1600° K., and the low-calorie gas can
be thereby burnt as the fuel easily. The thus-generated
combustion gas passes through the regenerator 64 or 65 to
heat that regenerator and 1s exhausted from the four-way
valve 70 as exhaust gas.
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According to the embodiments 1llustrated in FIGS. 7 and
8, provision of the flow straightening cylinders 54 and 74
can suppress pulsation generated when changing over the
air, and high-temperature clean air can be continuously
supplied for a long time. In applications 1n which minute
pulsation 1s not a problem, any specific drawback does not
occur from no existence of the flow straightening cylinders
54 and 74. In addition, the flow straightening cylinders 54
and 74 can be applied to the embodiments illustrated in
FIGS. 2 to 4, and the similar effects can be obtained 1n such
a case. It 1s preferable to use the regenerators 44, 45, 64 and

65 having the composition and structure similar to those of
the regenerator 1llustrated i FIGS. 1 to 3.

FIGS. 9 to 11 show a still further embodiment. This
embodiment alternately passes the combustion gas and the
arbitrary gas without interrupting combustion i1n the burner
apparatus 83 by rotating the regenerator 84 to continuously
supply the heated arbitrary gas. The high-temperature gas
ogenerating apparatus in this embodiment 1s constituted by
two passages 81 and 82 for flowing the arbitrary gas that 1s
to be heated and the combustion gas, a regenerator 84 which
1s provided 1n the middle of the two passages 81 and 82 and
can pass the arbitrary gas and the combustion gas through
the same area at different times by relative rotation between
the passages 81 and 82 to transmits sensible heat of the
combustion gas to the arbitrary gas with high effectiveness,
and a burner apparatus 83 for supplying the combustion gas
to the regenerator 84.

Here, the two passages 81 and 82 are made up of a fixed
leading passage 81a for supplying the arbitrary gas to the
regenerator 84 between the passages 81 and 82, a high-
temperature gas output passage 81b for supplying to an
external facility or the like the arbitrary gas heated by
passing through the regenerator 84, an exhaust passage 82b
for exhausting the combustion gas cooled down by passing
through the regenerator 84 and a passage 82a for leading the
combustion gas that 1s to be supplied to the regenerator 84.
The passages 81 and 82 are designed so that the arbitrary gas
1s supplied from the leading passage 81a to a part of the
regenerator 84 to pass therethrough and the arbitrary gas is
then output from the high-temperature gas output passage
816 while the combustion gas in the burner apparatus 83
passes through another part of the regenerator 84 to be
exhausted from the exhaust passage 82b, thereby heating the
regenerator 84. Flows of the gas passing through the regen-
crator 84 can be changed over by continuously or 1ntermiut-
tently rotating the regenerator 84 when the regenerator 84
has reached a predetermined temperature without interrupt-
ing flows of the gas in the combustion gas leading passage
82a and the arbitrary gas leading passage 81a, 1.e.. without
interrupting combustion in the burner apparatus 83, and the
high-temperature gas having a predetermined temperature
such as air can be continuously supplied.

A cylinder type casing 89 has openings at its upper end
and on the peripheral surface close to the bottom. As
openings on the peripheral surface, two openings 90 are
formed at positions opposed to each other so that one
opening 90 communicates with the combustion gas leading
passage 82a and the other opening 90 communicates with
the output passage 81b for the arbitrary gas having a high
temperature. A table 99 for supporting a lower edge of the
regenerator 84 1s provided below the openings 90 of the
casing 89. A groove 100 crossing the table surface 1s formed
on a surface opposed to the regenerator 84 disposed 1n the
center of the table 99. In addition, a protrusion 98 crossing
the regenerator 84 1s provided in the center of the end
surface of the regenerator 84 opposed to the table 99, and
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this protrusion 98 i1s engaged with the groove 100 of the
table 99 to achieve scaling between the table 99 and the
regenerator 84. On the other hand, to the opening at the
upper edge of the casing 89 1s connected with a cylindrical
pipe 97 constituted by the fixed leading passage 81la for
supplying the arbitrary gas to the regenerator 84 and the
cxhaust passage 82b for exhausting the combustion gas
having passed through the regenerator 84 1n such a manner
that the cylindrical pipe 97 can rotate with respect to the
casing 89. The cylindrical pipe 97 1s divided into the leading
passage 8la and the exhaust passage 82a by vertically
partitioning the central part of 1nside thereof using a parti-
tioning wall 87.

The regenerator 84 1s supported by a bearing stand 91 and
a holder 93 1n such a manner the regenerator 84 1s accom-
modated 1n the casing 89 and can rotate together with the
casing 89. Between the holder 93 and the casing 89 is
provided a sealing mechanism 94 obtained by combining,
irregularities having corrugated axial cross sections which
can rotate 1n the circumferential direction and can be
engaged with each other 1n the axial direction. For example,
a half cylindrical member 94a having bellows type 1rregu-
larities on the inner surface thereof 1s fixed to the holder 93
and another cylindrical member 94b having irregularities on
the surface thereof 1s fixed to the casing 89 so that one
member 1s shifted Y% pitch with respect to the other member,
and the cylindrical members are engaged with each other 1n
such a manner that 1rregularities on one member mesh with
those on the other member to achieve sealing. This sealing
mechanism 94 can reduce outward leakage of the air or the
combustion gas. In addition, an O-ring 1s disposed between

the casing 89 and the bearing stand 91 to attain sealing.

The regenerator 84 has a wedge slanting surface at one
edge communicating with the high-temperature gas output
passage 81b and the combustion gas leading passage 82a.
The passage 82a for leading the combustion gas to the
regenerator 84 and the passage 81b for outputting the
arbitrary gas heated through the regenerator 84 are so
arranged as to face the wedge type edge orthogonally with
respect to the regenerator 84. With this structure, the com-
bustion gas 1s uniformly dispersed in the regenerator 84
facing the combustion gas leading passage 82a and passes
through the regenerator 84. The high-temperature gas output
passage 81b and the combustion gas leading passage 82a are
formed by partitioning the inside of one duct 96 with the
wedge type edge of the regenerator 84 and the casing 89.
Note that the regenerator 84 may preferably have the com-
position and structure similar to those of the regenerators

1llustrated 1in FIGS. 1 to 3.

The burner apparatus 83 mainly burns the gas fuel using,
the oxygen-enriched combustion air. A quantity of the com-
bustion gas can be further reduced as compared with the case
where combustion 1s carried out using only the air, and
relationship of the gas volume and pressure between the air
Al supplied to be heated when passing through the regen-
crator 84 and the combustion gas A2 1s represented as
Al>>A2, and the combustion gas can be substantially
prevented from leaking to be mixed with the high-
temperature gas, thus avoiding pollution of the gas that 1s to
be heated with the combustion gas. Note that, 1n the present
embodiment, the arbitrary gas 1s air and part thereof A2 1s
used as the combustion air while the remaining part thereof
Al 1s heated by the regenerator 84 and supplied to desired
facilities. In this case, a temperature of the supplied air can
be adjusted by changing a ratio A1/A2. It 1s needless to say
that the combustion air may be differentiated from the
arbitrary air and gas other than the air may be supplied from
any other passage.
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While this invention has been described with reference to
the above embodiments, this description 1s not intended to
be construed 1n a limiting sense, and various modifications
of the embodiments are possible within the true scope of the
invention.

Industrial Availability of the Invention

The present mnvention can be used as a high-temperature
gas supply source 1n an experimental device utilizing gas
having a high-temperature of approximately 1000° C. or a
pyrogenetic reaction apparatus for a product that does not
allow mixture of impurities such as a device testing cracking,
and/or 1gnition characteristic of various fuels. Further, the
high-temperature air can be utilized as oxidizing agent. For
example, 1t may be used for peeling off inserted sand in an
aluminum casting cured with resin.

Furthermore, the generated high-temperature air can be
lead 1nto a separately-prepared combustion chamber to
incinerate a flame retardant solid matter. In this embodiment,
since the high-temperature air can be continuously generated
and supplied, data can be continuously measured in an
experimental device requiring high-temperature atmo-
sphere. For example, the present mvention can be utilized
for increasing a CVD (Chemical Vapor Deposition) reaction
temperature, thereby enabling the experiment without using
expensive hydrogen or oxygen.

What 1s claimed 1s:

1. A high-temperature gas generating apparatus charac-
terized 1n that: a burner apparatus which has a regenerator
and exhausts combustion gas through the regenerator is
provided at both ends of a channel type combustion chamber
having a high-temperature gas output means; the regenerator
of each burner apparatus 1s connected with an exhaust means
and a supply means for arbitrary gas that 1s to be heated to
constitute a path along which the combustion gas 1is
exhausted through the regenerator and another path along
which the arbitrary gas 1s led into the channel type com-
bustion chamber and supplied from the high-temperature gas
output means to an arbitrary position; and after temperatures
of the both regenerators are increased to reach a pre-
determined value by alternately performing combustion 1n
the burner apparatuses, combustion 1s interrupted to pass the
arbitrary gas through the regenerators so that the arbitrary
gas having a predetermined temperature 1s supplied from the
high-temperature gas output means to the outside for a
predetermined time.

2. A high-temperature gas generating apparatus as set
forth 1n claim 1, wherein a plurality of high-temperature gas
generating apparatuses are provided and their high-
temperature gas output means are connected to each other
via a passage change-over means to continuously generate
and supply high-temperature gas by a change-over operation
of the passage change-over means.

3. A high-temperature gas genecrating apparatus as sct
forth 1n claim 2, wherein a flow straightening cylinder is
provided to the high-temperature gas output means.

4. A high-temperature gas generating apparatus as set
forth in claam 1, wherein a regenerator which does not
perform heat exchange with the combustion air and 1s only
heated by the combustion gas 1s provided 1n the high-
temperature gas output means and an exhaust system 1s
connected to the high-temperature gas output means, and the
combustion gas 1s partially exhausted through the regenera-
tor 1n the high-temperature gas output means during alter-
nate combustion to be only used for heating the arbitrary gas
that 1s a target of heating.

5. A high-temperature gas generating apparatus as set
forth 1n claim 1, wherein injection of fuel to the burner
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apparatus 1s mterrupted 1mmediately before changing over
the flow to carry out scavenging using fresh arir.

6. A high-temperature gas generating apparatus charac-
terized 1n that: a pair of burner apparatuses each of which
has a regenerator and performs supply of arbitrary gas to be
heated and exhaust of combustion gas are provided and a
combustion chamber of each burner apparatus i1s connected
with a high-temperature gas output means; a path along
which the combustion gas 1s exhausted through the regen-
erator of one burner apparatus and another path along which
arbitrary gas to be heated 1s led 1nto the combustion chamber
via the regenerator and the heated arbitrary gas 1s supplied
from the high-temperature gas output means to an arbitrary
position are constituted; and the high-temperature gas con-
tinuously generated and supplied by alternately performing
combustion 1n the burner apparatuses and changing over the
two paths.

7. A high-temperature gas generating apparatus as set
forth in claim 6, wherein the high-temperature gas output
means 1s a three-way valve for connecting the combustion
chambers of the pair of burner apparatuses with each other,
a remaining port of the three-way valve functions as a
high-temperature gas output port, and the combustion cham-
bers of the burner apparatuses are alternately opened.

8. A high-temperature gas generating apparatus as set
forth 1n claim 6, wherein a bypass path for connecting the
combustion chambers of the pair of burner apparatuses and
connecting spaces between the respective chambers and the
respective regenerators 1s provided; a three-way valve 1s
provided to the bypass path and a remaining port of the valve
functions as the high-temperature gas output port; a four-
way valve that 1s selectively connected with an air supply
system and an exhaust system 1s connected to an output of
cach regenerator; and air supplied from the air supply
system 1s preheated to have a high temperature by passing
through the regenerator and part of the air 1s burnt by a
burner disposed just 1n front of the other regenerator as
combustion air, while part of the preheated air is continu-
ously supplied from the high-temperature gas output port to
the outside through the bypass path.

9. A high-temperature gas genecrating apparatus as set
forth in claim 6, comprising at least a pair of burner
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apparatuses which have regenerators that can relatively
rotate between two passages for flowing combustion air and
combustion gas to pass the combustion air and the combus-
tion gas through the same area at different times and transmat
sensible heat of the combustion gas to the combustion air
with high effectiveness, and which perform supply of the
combustion air and exhaust of the combustion gas through
the regenerators to 1ncrease temperatures of the
regenerators, air being supplied to each burner apparatus
while the air being passed through the regenerators, the air
being used to perform combustion 1n one burner apparatus
while the air bemng heated by the regenerators as arbitrary
ogas to be heated 1n the other burner apparatus to be con-
tinuously supplied to the outside.

10. A high-temperature gas generating apparatus as set
forth 1n claim 9, wherein the burner apparatus uses oxygen-
enriched air to mainly burn gas fuel.

11. Ahigh-temperature gas generating apparatus compris-
Ing: two passages for flowing arbitrary gas to be heated and
combustion gas; a regenerator which 1s connected 1n the
middle of the two passages and can pass the arbitrary gas
and the combustion gas through the same area at different
times by relative rotation between the two passages to
transmit sensible heat of the combustion gas to the arbitrary
cgas with high effectiveness; and a burner apparatus for
e¢xhausting the combustion gas through the regenerator, one
edge of the regenerator being formed into a conical shape
and the passage for leading the combustion gas to the
regenerator and the passage for outputting arbitrary gas
heated through the regenerator being disposed to face the
conical edge and to be orthogonal to the regenerator, exhaust
of the combustion gas and supply of the arbitrary gas being
simultaneously performed through different areas in the
regenerator, the arbitrary gas heated to a predetermined

temperature being continuously supplied outside by inter-
mittently and continuously rotating the regenerator to rela-
tively changing over the gases passing through the regen-
erator when having reached a predetermined temperature.
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